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Abstract 
Minimizing the impacts to the residual stand is one of the 
goals of sustainable forest management. To achieve this goal 
it’s essential to know the dynamics of these impacts, its 
frequency, cause and severity. Various studies in this topic 
were carried out in primary tropical forest, but little is 
known in secondary forests, which have smaller and denser 
tree community. We evaluate the bole and crown damage 
and the incidence of leaning trees in the residual stand right 
after the timber harvesting in a secondary Atlantic 
Rainforest in southern Brazil. On average, 26% of the 
residual trees suffered some kind of damage, with 12.1% 
suffering moderate or severe damage. Bole damage was the 
most frequent, followed by the crown damage and leaning 
tree. The frequency of damages showed no statistic relation 
with the harvest intensity in all cases but crown damage, 
whilst the number of damaged trees per harvested tree 
showed strong negative relation with the harvest intensity. 
The skidding was the major cause of damage and had no 
relation with harvest intensity. Although it affected less than 
1/3 of the residual stand, it is important to monitor the 
injured trees to clarify the long-term consequences of the 
damages. 
Keywords: Selective logging; Tropical forest; Logging 
impacts; Residual stand 
 
Introduction 
Managed forests can maintain most of environmental 
services (Miller et al. 2011; Putz et al. 2012) and 
biodiversity (Gibson et al. 2011; Bicknell et al. 2014) 
provided by a mature forest; they also have greater 
ecosystem value than other land uses, such as agriculture 
and forest plantations (Edwards et al. 2014). Conversely, the 
pressure to replace forestland with other land uses is high in 
the tropics (FAO 2012), mostly because of the low value 
awarded to the native forest (Siminski and Fantini 2010). 
Thus, adding value to the forest through its management and 
involving the rural population in the conservation processes 
is an important strategy to reduce deforestation (Shanley and 
Gaia 2002). 
This is also relevant when referring to secondary forests. 
Even though these forests have lower levels of biodiversity 
than mature forests (Gibson et al. 2011), they play a relevant 
role in the environment and biodiversity conservation efforts 
(Dent and Wright 2009), mainly when compared with other 
land uses (Mukul and Herbohn 2016), which have gained 
increasing recognition in recent years (Chazdon 2014). 
Secondary forests regenerate after the abandonment of areas 
where anthropic or natural disturbance decharacterize its 
original forest cover (Chokkalingam and Jong 2001) and 
occur, in most cases, on private land (Kammesheidt 2002). 
In the State of Santa Catarina, we see a similar scenario, 
with a great portion of the natural forests being secondary 
vegetation scattered as small fragments of less than 50 ha 
(Sevegnani et al. 2013; Vibrans et al. 2013). Thus, 
secondary forests represent an important component for 
environmental conservation in the region. 
For its representativeness in the Atlantic Forest region, 
secondary forests have a great potential for sustainable 
management aiming not just for timber products, but for the 
provision and regulation of ecosystem services. The 
principle of the sustainable forest management is to harvest 
forest resources, including non-wood products, without 
compromising the ecological and social value of the forest 
(Sist et al. 1998). In a secondary forest, the maintenance of 
the ecological value implies, at some level, maintaining the 
successional processes. The forest management could 
maintain this processes by favoring the establishment of late 
successional species with plantation of saplings and/or 
releasing those from competition with others species, with 
control of the harvest intensity or also with the delimitation 
of preservation areas within the management area.  
The harvest inevitably causes damages to the residual 
stand; the extend and frequency of these damages will 
depend upon the intensity and technique of the harvest 
applied (Putz and Brokaw 1989; Webb 1997, 1998; Sist et 
al. 2003a; Rockwell et al. 2007; Martin et al. 2015). The 
consequences of those damages range from reduced growth 
in the following years (Vidal et al. 2002; Tavankar et al. 
2015) and wood defect, in cases of light and moderate 
damages (Jackson et al. 2002), to the death, right after or in 
the following years, of the trees damaged with more severity 
(Van Der Hout 1999; Sist and Nguyen-Thé 2002; Forshed et 
al. 2008; Picard et al. 2012). Thus, reducing the damages to 
the residual stand increases the wood stock, increases the 
wood quality and speeds up its recovery, potentially 
reducing the harvest cycle and/or increasing the harvestable 
timber volume with better quality (Putz 1994; Dykstra and 
Heinrich 1996). 
It’s considered acceptable and sustainable for up to 30% 
of the residual stand to be damaged by the harvest in tropical 
forest management (Huth and Ditzer 2001; Sist et al. 2003b; 
Sist et al. 2003c). Nevertheless, studies in tropical forests 
show that the damages range from approximately 20% (Sist 
and Ferreira 2007) to more than 50% of the original stand 
(Bischoff et al. 2005; Sist and Ferreira 2007). In a pan 
tropical meta-analysis, Picard et al. (2012) concluded that 
for a harvest intensity of 1 to 2 tree.ha-1 (DBH > 60 cm), it’s 
expected that 6% to 11% of the stand will be damaged. 
However, to the best of our knowledge, in the Subtropical 
Atlantic Rainforest there are fewer studies on harvest 
damage, and surely there are no studies on this theme on 
secondary forests. 
The utilization of more efficient logging techniques, as 
the Reduced Impact Logging (RIL), tends to decrease the 
frequency of the harvest damages, as shown by Forshed et 
al. (2006). Combined with the RIL technique, the intensity 
of the harvest represents a determinant factor in the 
frequency of damage. Generally, with the increase of the 
harvest intensity there is also an increase in the absolute 
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frequency of damage (Sist and Nguyen-Thé 2002; Picard et 
al. 2012; Martin et al. 2015). On the other hand, this relation 
is weaker or inexistent in areas where there is no harvest 
planning or utilization of RIL techniques, due to high 
damage rates even in low-harvest-intensities areas (Van Der 
Hout 1999).  
Based on the assumption that logging damages the 
residual stand and that the frequency and intensity of theses 
damages are related to the intensity of the harvest, this study 
conducted at a managed subtropical rainforest in the 
northwest of the State of Santa Catarina has the following 
objectives: a) quantifying the residual stand damage due to 
the harvest (felling and skidding) and; b) analyzing the 
relation between the frequency of damage and the intensity 
of harvest. 
 
Methods 
The study was conducted in a secondary subtropical rain 
forest (Oliveira-Filho 2009) within a 42-ha farm in the 
northwest of the Estate of Santa Catarina (26º32´10´´S e 
49º02´38´´O, Figure 1), with an altitude ranging from 160 to 
500 m.a.s.l. According to the Köppen classification, the 
climate in the region is Cfa – mesothermic subtropical 
humid with a hot summer and without a dry season (Alvares 
et al. 2013). The study site is in a hilly terrain with slopes 
ranging from 10% to 40%. The soils in the region are 
predominantly cambisol (EMBRAPA 2004). 
The study forest was originated by an enrichment 
plantation in an intensively exploited area made in 1978, in 
which saplings of Miconia cinnamomifolia, Hieronyma 
alchorneoides and Nectandra spp. were planted. At that 
time, the area was composed by pasture with some patches 
of forest in the initial phases of development. In the first five 
years after the plantation, the owner mowed the herbaceous 
vegetation at the site, and that was the only silvicultural 
treatment made to the forest (Schuch 2010). Since then, the 
area developed without intervention except for the eventual 
cutting of some Euterpe edulis for heart-of-palm production 
and woody species for timber uses. 
We measured nine square experimental plots (EP) with 
3600 sq.m. including a border with a measured area of 1600 
sq.m. divided into 16 subunits of 100 sq.m. The 
experimental treatments were applied to the total area of the 
EP and consisted of different intensities of harvest (as shown 
in the Harvest section and Figure 2b). Three subunits were 
discarded from the data collect due to a tree felled before the 
measures, totaling 141 evaluated subunits. 
 
Figure 1. Study location in Santa Catarina State 
 
The inventory before harvest was carried out in the first 
trimester of 2014, approximately six months before the 
operation. In this inventory, we measure the diameter at 
breast height (DBH), total height of all individuals with 
DBH > 5 cm and the botanical identification was made to 
the level of specie, whenever possible (Piazza 2014). All 
trees were located in the EP with x – y coordinates and were 
identified with numeric plates. Immediately after the 
harvest, we returned to the EPs to determine the effective 
intensity of the harvest and the damages in the residual 
stand. The classification of the damages was made visually 
and followed the criteria presented in Table 1.  
The damage distribution in the diameter classes was 
compared to the residual stand diameter distribution using 
the Kolmogorov-Smirnov test. To determine the relation 
between the harvest intensity and the frequency of damage, 
we adjust a linear regression between the percentage of basal 
area harvested and the percentage of residual trees damaged. 
To determine the specific damage, that is, the damage 
caused by each harvested tree, we divided the total number 
of damaged trees by the total number of harvested trees. The 
relation between the specific damage and the harvest 
intensity also was analyzed using linear regression. 
 
Table 1 - Classification criteria for the harvest damage on the 
residual stand in a secondary forest in the northwest of Santa 
Catarina. 
Class of 
damage 
Intensity of damage 
Light Moderate Severe 
Crown damage <1/3 of crown 1/3 > 2/3 of crown >2/3 of crown 
Bole damage Bark damage 
Superficial wood 
damage (cambial 
tissue) 
Deep wood 
damage (sub 
cambial tissue) 
Tree leaning Slight leaning Partially uprooted Totally uprooted 
 
It is important to note that the harvest was done only 
inside the experimental plots and that all experimental plots 
are installed next to extraction roads. Thus, the damage 
assessed in this study refers only to the damage due to the 
felling and skidding of the trees inside the experimental plot. 
The extraction roads existed in the area since before the 
abandonment of the pasture and implantation of the forest 
(~1978) and were maintained without forest cover by the 
owner, so we cannot assess the damages of its opening.  
All analyses were made accounting for the total number 
of trees damaged and also accounting for each damage class 
separately. The calculation was made in R (R Development 
Core Team, 2008), with significance of p = 0.05.  
 
Harvest  
The trees were pre-selected according to the pre-harvest 
inventory information. The selection took into account the 
timber potential, ecological group, minimum cutting 
diameter (MCD) and abundance of the species (Table 2). 
We also selected trees with timber potential under the MCD 
when those trees were mature, senile, dominated or when 
there was severe damage to the bole or crown. Climax 
species with local low density were preserved from 
harvesting. 
We tried to keep the harvest intensity between 20% and 
60% of the EP’s total basal area. The felling was made with 
a chainsaw and the extraction with a tractor equipped with a 
winch. The trees were extracted with the tree-length system, 
with the debranching done inside the forest. 
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Table 2 - Selection criteria for the harvest in a secondary forest in 
the northwest of Santa Catarina. 
Class MCD 
Tree species with no timber potential   > 5 cm 
Pioneers and early secondary tree species with timber 
potential 
> 25 
cm 
Late secondary tree species with timber potential  
> 35 
cm 
Climax species with timber potential  
> 40 
cm 
 
After the harvest of the pre-selected trees and the 
computation of the corresponding basal area removed, we 
return to the EP to complement the harvest according to the 
planed intensity. Trees that had broken boles or irreversible 
damages, had lost the entire crown or were smashed were 
then felled and extracted from the forest. In this way, the 
final harvest intensity resulted from the sum of the initial 
pre-selected trees plus the trees harvested because of their 
severe irreversible damage. At this time the branches with 
diameters below sawmill limit were extracted to be 
commercialized as firewood.  
The distribution of the harvested individuals in the 
diameter classes followed the same distribution of the 
original stand (Figure 2a). The effective harvest intensity in 
the EP ranged from 18.2% to 56% of reduction in the basal 
area and from 11.7% to 41.8% of reduction in the number of 
trees (Figure 2b).  
 
 
Figure 1. a) Diameter distribution of the original stand and 
harvested trees; b) original and harvested basal area in each 
experimental plot in a secondary forest in the northwest of Santa 
Catarina 
 
Results 
The harvest damaged 26% of the residual stand, which 
represents 22.7% of the basal area. The most frequent 
damage class was the bole damage, affecting 13.3% of the 
trees; followed by the crown damage, affecting 12.3% of the 
trees; and tree leaning, affecting 6.6% of the trees (Figure 3). 
In the three classes, the light damage was the most frequent, 
whereas only 0.9% of the trees have severe damage to the 
bole, 3.2% to the crown and 2.7% were totally uprooted. 
 
 
 
Figure 3. Frequency of the damage classes and intensity to the 
residual stand after harvest in a secondary forest in the northwest of 
Santa Catarina 
 
Bole damage and leaning were due to both felling and 
skidding; meanwhile, the crown damage was due mainly to 
the felling operation. However, the leaning was observed 
only in the lower DBH classes, while the bole and crown 
damage occurred more evenly between classes (Figure 4). 
Nevertheless, the harvest damaged mostly trees in the 5 to 
10 cm DBH class, showing a negative exponential 
distribution among classes. The damage distribution was 
statistically similar to the tree distribution after the harvest 
(KS = 0.364; n = 11; p = 0.374), showing that the damages 
were homogeneous among the DBH classes. 
 
Figure 4. Number of damaged trees per DBH class after the 
harvest in a secondary forest in the northwest of Santa Catarina. a) 
total of damaged trees; b) bole damage; c) crown damage; d) 
leaning tree 
 
The frequency of damaged trees does not have statistical 
relation to the intensity of harvest (% of the basal area) 
applied (Figure 5). The analysis by damage class reveals that 
only the crown damage had relation to the harvest intensity. 
The bole damage showed no relation to the harvest intensity 
at all, and the leaning, although not statistically significant, 
showed a tendency to increase with more basal area 
harvested. The relation between the damage frequency and 
the harvest intensity was negatively influenced by the 
independent distribution of the bole damage, which, because 
it is the majority of the damages observed, had a strong 
weight in the regression. 
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Figure 5. Relation between harvest intensity and the residual stand 
damage in a secondary forest in the northwest of Santa Catarina. a) 
total of trees damaged; b) bole damage; c) crown damage; d) 
leaning trees 
 
On average, each harvested tree damaged, to some 
degree, 0.87 residual trees. Considering each damage class 
separately, each harvested tree damaged 0.47 boles, 0.39 
crowns and caused leaning in 0.24 trees. The values showed 
considerable variation between the EP in all damage classes. 
The regression analysis showed a strong tendency of 
decrease in the number of damaged trees per harvested tree 
with the increase in the harvest intensity (Figure 6).  
Figure 6. Relation between harvest intensity and damaged trees per 
harvested trees in a secondary forest in the northwest of Santa 
Catarina; a) total of damaged trees; b) bole damage; c crown 
damage; d) leaning trees. TH: trees harvested; TD: total damage; 
BD: bole damage; CD: crown damage; LT: leaning trees. 
 
The bole damage had an elevated determination 
coefficient, indicating that in lower harvest intensities each 
harvested tree damages a considerably higher number of 
residual trees. The crown damage had a lower determination 
coefficient in relation to the former, corroborating with the 
previous results that shows its frequency to be dependent on 
the harvest intensity. The leaning trees had only a marginal 
probability in the level tested (p = 0.07). 
 
Discussion 
There are few studies analyzing damage caused by the 
selective timber harvest in the Brazilian Subtropical Atlantic 
Rainforest. Despite the inherent differences between the 
harvest intensity and the size of the trees felled, the 
frequency of damage in our study is in between 25% and 
30%, which are considered to be acceptable by various 
authors in mature tropical forests (Huth and Ditzer 2001; 
Sist et al. 2003b; Sist et al. 2003c), despite being higher than 
the 15% suggested by Sist and Nguyen-Thé (2002). This 
similarity was possible because, beyond the harvest 
intensity, the size of the trees and the harvest method 
interfere with the frequency and intensity of the damages 
(Medjibe et al. 2011; Picard et al. 2012).  
Our results lay in between the results found in areas with 
conventional logging and RIL. Studies in conventional 
logging areas in Asia and South America have, 
predominantly, damage frequencies above the ones observed 
in our study, ranging from 25.2% to 38% for intensities 
between 8 and 16 tree.ha-1 (Bertault and Sist 1997; Van Der 
Hout 1999; Sist et al. 2003a; Forshed et al. 2006). Among 
the studies conducted with RIL techniques, also in Asia and 
South America, the frequency of damage ranged between 
13.4% and 32.4% for harvest intensities between 4 and 16 
tree.ha-1 (Bertault and Sist 1997; Van Der Hout 1999; Sist et 
al. 2003a; Forshed et al. 2006; Rockwell et. al. 2007).  
Most of the damaged trees suffered light injuries 
(9,57%), while moderate (4,26%) and severe (7,68%) 
damages were less frequent. This result could be partially 
attributed to the small size of the harvested trees. Moreover, 
some of the severe damaged trees in the pre-selected trees 
were also harvested and tapped as firewood, so these trees 
were not counted as damaged trees, but harvested trees. In 
the study area, 12.12% of the remaining stand suffered 
moderate or severe injuries. The mortality rate of these 
moderate/severe damaged trees could be up to twice the 
mortality rate of healthy trees in the first two years after the 
harvest (Sist and Nguyen-The 2002) and remain higher for 
periods of up to 5 to 10 years after the intervention (Van Der 
Hout 1999; Picard et al. 2012). Besides that, the growth rate 
of damaged trees (light, moderate or severe) could be up to 
1.6 times smaller than the growth rate of healthy trees in the 
first years after the harvest (Vidal et al. 2002). Thus, keeping 
the damage frequency low helps with the forest recovery 
after the harvest and prevents an excessive lengthening in 
the harvest cycle due to a lower growth rate or a higher 
mortality rate.    
In our study, the most frequent damage class was the 
light bole damage, which can be due to the felling and/or 
skidding of the trees. Bertault and Sist (1997) notes that the 
crown damage is the most frequent in areas with RIL 
techniques, while Van Der Hout (1999) shows that the 
frequencies of the damage classes depend on the applied 
harvest technique. The author noted that the felling damage 
(crown, bole or leaning) was predominant in the RIL area; 
meanwhile, the skidding damage was predominant in the 
conventional logging area. This is because, markedly in RIL 
areas, the number of skidding trails does not increase 
linearly with the harvest intensity (Sist and Ferreira 2007). 
As the same trail can be used to extract multiple logs, the 
number of trees damaged by the skidding operation is 
reduced.  
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By the other side, the high frequency of bole damage 
seen in our study can be attributed to the low efficiency of 
the skidding. The hilly terrain complicates the directional 
felling of the trees, the skidding maneuvering and, by 
consequence, the skidding trail reuse. This condition 
required more trails to be created and also required more 
bole maneuvering to extract trees from the forest. The 
restriction to the directional felling, imposed by the terrain, 
also complicated the protection of commercially or 
ecologically relevant species near the felled tree. The bole 
damage to commercial trees not only may cause reduction in 
its growth, which reduces the wood volume for the next 
harvest cycle, but also may cause wood stain and defects, 
which decrease its value (Vidal et al. 2002; Jackson et al. 
2002; Tavankar et al. 2015).        
The observed damage had little relation to the harvest 
intensity, opposing numerous studies conducted in tropical 
forests (Bertault and Sist 1997; Webb 1997; Van Der Hout 
1999; Sist and Nguyen-The 2002; Sist et al. 2003a; Picard et 
al. 2012; Martin et al. 2015). Still, some results show that 
the damages are less related to the harvest intensity in 
conventional logging areas (Bicknell et al. 2014) and, 
specially, the relation between the skidding damage and the 
harvest intensity can be very weak in these areas (Van Der 
Hout 1999; Sist et al. 2003a). In this way, our results 
indicate that the lack of statistical relation between the 
damage frequency and the harvest intensity is also due to the 
low efficiency of the skidding operation. The same 
conclusion is reinforced when we analyze the specific 
damage, which shows a strong negative relation with the 
harvest intensity, suggesting that the damage to the residual 
stand can be minimized in the low intensities of harvest.  
The small size of the trees and the high harvest intensity, 
inherent of the management of a young secondary forest, 
contributed to keeping the specific damage low, with 0.87 
damaged trees for each harvested tree. Two effects of the 
harvest’s high intensity contribute to this; first, there are 
fewer residual trees to be damaged, and secondly, there is a 
greater chance of a felled tree falling in a location where 
others trees already were felled. The specific damage can 
reach 44 trees per felled tree in mature forests with low 
harvest intensity (Jackson et al. 2002). In most studies of 
conventional logging areas in Asia and South America, these 
values range from 7 to 18.1 tree/harvested tree (Van Der 
Hout 1999; Forshed et al. 2006; Iskandar et al. 2006; 
Macpherson et al. 2010). In RIL logging, similarly the 
values range from 8.2 to 17.7 tree/harvested tree (Van Der 
Hout 1999; Forshed et al. 2006; Rockwell et. al. 2007; 
Macpherson et al. 2010; Medjibe et al. 2011). Nonetheless, 
for similar harvest intensities the use of RIL techniques 
tends to reduce the specific damage (Van Der Hout 1999; 
Macpherson et al. 2010), suggesting that the application of 
these techniques can reduce even more the damage in our 
study area. 
 
Conclusions 
The selective timber harvest damaged 26% of the 
residual stand, affecting mainly small trees and causing light 
damage. The frequency of these damages has no statistical 
relation with the harvest intensity; meanwhile, the specific 
damage strongly decreased with the increase in harvest 
intensity. We believe that the poor planning of the skidding 
trails, the hilly terrain and the high understory density had 
great influence on this result. 
The results suggest that damages to the residual stand 
are not a key factor to determine the ideal harvest intensity 
for a secondary forest. Other factors, such as remaining 
stock, canopy opening and the favoring of species with 
economic interest had a greater influence on the decision-
making. Despite this, it’s necessary to monitor the injured 
trees to determine if there is change in growth and morality 
rates and then be able to infer the consequences of the 
injuries in the recovery and development of the forest, 
especially of the species with economic interest. 
The utilization of RIL techniques, mainly the directional 
felling and planning of the skidding trails, can be important 
tools to reduce the impact of harvesting. Ultimately, these 
techniques still need to have their applicability and 
efficiency tested in secondary forests, with smaller trees and 
higher harvest intensity than mature forests and mostly hilly 
terrain.    
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